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Submerge d Evaporator with Integrated Heat Exchanger 

The present invention concerns a submerged evaporator contained in a casing and in- 
cluding at least one submerged plate heat exchanger, where the submerged plate heat 
exchanger has at least one inlet connection and at least one outlet connection for a 
secondary refrigerant, y/h&re the plate heat exchanger is disposed at the bottom of the 
casing, where a primary refrigerant may flow around the plate heat exchanger and a 
secondary refrigerant may flow through the plate heat exchanger, and where the up- 
permost part of the casing is used as a liquid separator. 

Using a submerged evaporator is a known method of heat transmission between two 
separate media. One of the commonly known methods is to mcorporate a cylindric 
plate heat exchanger in a cylmdric casing. Above this casmg is mounted a liquid sepa- 
rator typically having the same size as the casmg enclosing the plate heat exchanger. 
This sblution has, among others, the drawback ibat relatively much space is occupied 
in height simultaneously with, due to the height of the unit, there being a large static 
pressure suppressing the evaporation, particularly at lower temperatures, thus reducing 
efBciency. Furthermore, a pressure loss occurs between evaporator and the separate 
liquid separator, also reducing capacity. 

EP 0 758 073 describes a refrigeration device in a closed refrigerant circuit for cooling 
a cold transfer medium, m particular a water/brine mixture, in the refrigerant circuit a 
compressor sucking in gaseous refrigerant from a vapour drum, compressing the said 
refrigerant and supplying it at high pressure to a condenser, from which, after pressure 
expansion, the liquid refrigerant is supplied via the liquid space of the vapour drum to 
an evaporator, in which heat is extracted from the cold transfer medium as a result of 
the evaporation of the refrigerant, and from which the gaseous refrigerant is supplied 
once again to the vapour space of the vapour drum, the heat exchanger surface of the 
evaporator being designed as a plate heat exchanger with media conveyed in cross- 
current and counter-current to one another and being arranged m the liquid space of 
the vapour drum, where the heat exchanger surface of the plate heat exchanger is sub- 
merged into the vapour drum, designed as a pressure-resistant housing, in such a way 
that the supply connection piece and the discharge connection piece are arranged on 
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one side and the deflection chamber for the cold transfer medium flowing horizontally 
through the plate heat exchanger is arranged on the other side, outside the housing of 
the vapour drum, and defining fall ducts for the refiigerant circulated by natural circu- 
lation as a result of gravity are formed between the two side walls of the plate heat 
S exchanger and &e housing walls of the vapour dnmi which are parallel th^eto. 

In this solution part of the heat exchanger is placed outside the vapour drum. Different 
parts of the heat exchanger are subjected to different pressures; the part outside the 
drum is subjected to atmospheric pressure, where the part inside the drum is subjected 

10 to the evapomtion pressure inside the drum. Depending on the cooling media used, the 
pressure difference can be very high. The heat exchanger is box-shaped, and that form 
leaves a lot of unused space around the box especially under the box and along the two 
sides. This space takes up a large volume of unused cooling media. The strength of the 
box-shaped heat exchanger is not suf&cient if a high pressure difference occurs. In one 

IS embodiment, the passive volume is reduced by out filler volumes placed near the bot- 
tom of the drum. The static pressure around the heat exchanger is relatively high be- 
cause of the upright drum, and the static pressure reduces evaporation because steam 
bubbles formed by evapomtion have a reduced sizes. ' 

20 US 4,437,322 describes a heat exchanger assembly for a refidgeration system. The 
assembly is a single vessel construction having an evaporator, condenser and flash 
subcooler. A plate inside the shell separates the evaporator firom the condenser and the 
flash subcooler, and a partition inside the vessel separates the condenser fi-om the flash 
subcooler. The heat exchanger assembly includes a cylindrical shell having a plurality 

25 of tubes disposed in parallel to the longitudinal axis of the cylindrical shell. 

By placing the tubes inside the shell, there is no pressure differential over the heat ex- 
changer, but the heat exchanger has a reduced surface as formed by longitudinal tubes. 
Over the heat exchanger there is only a limited space, and a small amount of liquid 
30 refiigerant might be sucked out of the vessel. 

A heat exchanger assembly is also disclosed in US 4,073,340. A heat exchanger of the 
shaped plate type with a stack of relatively thin interspaced heat transfer plates. The 
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plates of tiie heat exchanger are ananged to define sets of multiple counterflow fluid 
passages for two separate fluid media alternating with each other. Passages of one set 
communicate with opposed manifold ports on opposite sides of the core matrix. Pas- 
sages of the other set pass through the stack past the manifolds in counterflow ar- 
rangement and connect with inlet and outlet portions of an enclosing housing. An as- 
sembly of two plates oppositely disposed establishes integral manifolds for one of the 
fluid media through the ports and tiie fluid passage defined between the plates. A third 
plate joined thereto further defines a passage for the second fluid media to flow be- 
tween the inlet and oudet portions of the housing. The various flxiid passages may be 
provided with flow resistance elements, such as bafQe plates, to improve the efficiency 
of heat transfer between adjacent coimterflow fluids. In each set of aligned ports, col- 
lars, alternately large and small, are formed in nested arrangement so that the ports 
formed by adjacent plates bridge the inner spaces between the plates. Such construc- 
tion permits communication with the aligned ports of altemate fluid channels which 
are closed to the outside between the heat exchanger plates. In manufacturing a core 
matrix, the parts are formed and cleaned and the brazing alloy is deposited thereon 
along the surfaces to be joined. The parts are then stacked in the natural nesting con- 
figuration followed by brazing in a controlled-atmosphere fumace. The brazing is 
readily carried out due to the sealing construction of the described nesting arrange- 
ment 

This heat exchanger is designed for air to gas heat exchange. If the plates are used in- 
side an evaporator, the shape of tiie plates leads to a casing containing a large volume 
of unused refiigerant. 

The invention described m WO 97/45689 concerns a heat exchanger which has a plate 
stack and comprises first and second plates which are arranged altemately in rows and 
between which first and second channels are formed, these channels being connected 
via first and second connection regions to first and second connection openings. The 
first connection openings, first connection regions and first channels are completely 
separate firom the second. The first and second plates each have on both sides a plural- 
ity of substantially straight main channels which are aligned in parallel in each plate. 
The first channels and second channels consist of first and second main channels and 
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third and fourth main channels which mutually form a first angle and are formed on 
both sides of a first connection plane and a second connection plane in the form of half 
channels which are open towards the comiection plane. The fourth main channels and 
second main channels are formed on one side of a first plate and second plate, and flie 
first main channels and third main channels are formed on the other. The plates are 
metal sheets v/hoso main channels on both sides take the form of beads which appear 
on one side of the metal sheet as depressions and on the other as burr-like projections. 
On one side of the metal sheet, a contact surface is provided along the periphery, and, 
on the other, two contact regions, each enclosing a passage opening, are provided, so 
that, by joming together the metal sheets with the same sides or planes in each case, 
contact surfaces and contact regions always alternately abut one another and are tightly 
mterconnected, in particular welded or soldered together, in order to separate the first 
and second channels in a leak tight manner. 

These problems have been attempted solved m another known type yvherc in one and 
the same casing a plate heat exchanger and a liquid separator arc uxcoiporated. This is 
e.g. disclosed in US 6,158,238. Here is described a heat exchanger vMch is built up 
with a cylindric casing having a diameter, \*ich is markedly greater than the diameter 
of the built-in cylindrical plate heat exchanger, whereby the plate heat exchanger dis- 
posed at the bottom of the casing may be submerged by primary refiigerant while there 
is still space for a liquid separator fimction. This solution provides a relatively low 
static pressure, and no pressure drops problems between evaporator and liquid separa- 
tor are present either as they arc built together. This kind of submerged plate and cas- 
ing heat exchanger, howev^, has the great disadvantage that a very large and in many 
cases unacceptable filling of the primary refirigerant is required, where a large part of 
the fillmg is actually just passive and uselessly provided between casing and plate heat 
exchanger. The efficiency of the system compared with space reqmrements is also not 
optimal smce by this design there is needed a casing with a diameter which is often m 
the range 1,5-2 times the diameter of the built-in plate heat exchanger. 



Another and very significant disadvantage of the above systems is that mixing occurs 
in the primary refiigerant between the upwards directed flow coming fi-om evaporation 
of the primary refirigerant and the refrigerant in liquid state wiiich is on its way back to 
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the bottom of the casing. At the bottom of the casing may hereby occur a lack of re- 
firigerant whereby the efficiency is considerably reduced. 

It is the purpose of the invention to indicate a submerged evaporator with integrated 
5 plate heat exchanger that can operate with a markedly increased capacity compared 
with prior art heat exchangers, where the heat exchanger does not require more space 
than prior art ev^orators, and furthermore where there is need for a considerably less 
filling volume of the primary refrigerant than in prior art units. 

10 This may be achieved with a submerged evaporator with integrated plate heat ex- 
changer as described in the introduction, where the plate heat exchanger is integrated 
in the liquid separator, and where the integrated plate heat exchanger is made with an 
outer contour that substantially follows the lower contour of the casing and the sur&ce 
of the liquid level of the primary refrigerant 

15 

With such a design of the plate heat exchanger, the size of the entire evaporator may 
be optimised so that substantially less space is occiipied than by prior art types of 
submerged evaporator with the same capacity. The primary reason for this is that the 
intemal volume is utilised better. A submerged evapomtor of this type frirthermore has 

20 a minimal static pressure and a minimal pressure loss between evaporator and liquid 
separator and of course a substantially less filling than a traditional evaporator with the 
same capacity. The integrated plate heat exchanger is made with a shape following the 
intemal contour of the casing. Typically, we are speaking of a traditionally shaped 
cylmdric casing with welded or screwed ends vihorc internally there is fitted a plate 

25 heat exchanger having a partly cylindric shape, e.g. a semi-cylindrical shape, and an 
outer diameter which is 5-15 mm less than the inner diameter of the casmg. With this 
design, there is achieved a submerged evaporator with a markedly reduced filling of 
primary refrigerant In order to attain maximum eflFect of the submerged evaporator, it 
is, as indicated, to be submerged, and with a submerged evaporator according to the 

30 invention, only a limited volume is required as only a minunal waste volume is pre- 
sent, i.e. no large passive areas between the sides of the heat exchanger and the casing 
are to be filled by the primary refrigerant. 
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In an embodimesnt of the invention, a submerged evaporator with integrated plate heat 
exchanger is designed so that the longitudinal sides of the plate heat exchanger are 
closed for mflow or outflow of the primary refrigerant between the plates of the plate 
heat exchanger, and that in the bottom of the plate heat exchanger there is provided at 
least one opening through which the primary refrigerant flows in between flie plates of 
flie plate heat exchanger. With these closed sides is achieved the advantage that liquid 
carried with the evaporated refrigerant can be conveyed back to the bottom of the plate 
heat exchanger without mixmg evaporating refrigerant and unevaporated refrigerant 
liquid on its way back to the bottom of the ev^orator again is occurring. 

Jn a preferred variant of the invention, longitudinal guide plates extending from an 
area in the vicinity of the top side of the plate heat exchanger and downwards against 
Ae bottom of flie casing are provided in longitudmal gaps appearing between plate 
heat exchanger and casmg, where the downwardly extension of the guide plates has a 
magnitude so that a longitudinal area at the bottom of the plate heat exchanger is held 
free from guide pUtes, vrfiere the primary refrigerant may flow in between the plates 
of the plate heat exchanger. By fliis design is also achieved that the downwardly flow- 
ing Uquid is not admixed with upwardly flowing Uquid, whereby the efficiency of the 
submerged evaporator with integrated heat exchanger is mcreased significantly. 

In a frffther embodiment of the invention, a submerged evaporator has a plate heat 
exchanger built up of plates that are embossed wifli a pattern of guide grooves point- 
ing towards the innw: periphery of the casmg at the upper edge of Ihe plates wifli an 
angle between 0" and 90' in relation to level, and preferably with an angle between 
20° and 80". With these guide grooves is achieved a more rapid and more optimal 
leading bade of unevaporated refrigerant as the refrigerant is conducted towards the 
inner periphery of the casing and then flows down along the sides of flie casing and 
back to the bottom of the plate heat racchanger. In this way, the liquid separating action 
is enhanced since h^eby is ensured that possible Uquid canied with remains in the 
liquid separator/casing. 



A submerged evaporator with integrated heat exchanger may frirthermore include a 
condenser designed as a plate heat exchanger, which is mounted in the "dry" part of 
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the casing, and which is separated fix)m the evaporator section by a plate. Hereby is 
achieved possibility of performmg condensmg of the evaporated refiigerant or a part 
thereof. 

Furthermore, a submerged evaporator with integrated plate heat exchanger may m- 
clude a demister (drip-catcher), \^iiere the demister is mounted in the casing m imme- 
diate vicmity of the outlet connection for evaporated refrigerant By such a demister it 
is possible to remove unwanted drops of unevaporated refiigerant before the vapour 
leaves the evaporator, and at the same time it is possible to minimise the size of the 
casing and still have the same capacity. 

A submerged evaporator according to the invention may be adapted so that secondary 
refiigerant may flow to and fix)m the plate heat exchanger via one inlet connection and 
one outlet connection, respectively, at the upper edge of the plates. Alternatively, the 
secondary refiigerant may flow to and firom the plate heat exchanger via one connec- 
tion at the bottom of &e plates and one connection at the vqpp&c edge of the plates, re- 
spectively. A fiirther altamative is that secondary refiigerant may flow to and firom the 
plate heat exchanger via one connection at the bottom of the plates and two connec- 
tions at the upper edge of the plates, respectively. With tiiese connection possibilities, 
such a submerged evaporator may be adapted to many different operating conditions, 
where the different connecting arrangements may be associated with advantages for 
different reasons. Direction of flow may be chosen fireely, depending on the actual 
operating conditions. 

Finally, a submerged evaporator according to the invention may include a suction 
manifold disposed in ttie "dry" part of the casing and extending in longitudinal direc- 
tion of the evaporator with a length substantially corresponding to the length of the 
plate heat exchanger. This manifold has the effect that, due to even suction of the 
gases, the liquid separation action is improved, and the size of the casing may be kept 
at a minimum level and possibly be reduced. 
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In the following, the invention is described with reference to the drawing, vMch^ 
without being limiting, shows a preferred embodiment of a submerged evaporator ac- 
cording to the invention, where: 

5 Fig. 1 shows the prior art type of submerged evaporator with submerged plate heat 
exchanger. 

Fig. 2 show a cross-section of a submerged evaporator with integrated plate heat 

exchanger according to the invention as seen from tlie end. 
Fig. 3 shows a submerged evaporator seen from the side, 
1 0 Fig. 4 shows position of guide plates. 

Fig. 5 shows possible design of guide grooves in the plates of the heat exchanger. 
Fig. 6 shows a submerged evaporator with integrated condenser and demister. 
Fig. 7 shows different connecting possibilities for the secondary refrigerant, and 
Fig. 8 shows a section through a part of the heat exchanger. 

15 

On Fig. 1 is seen a prior art submerged evaporator 2 with submerged plate heat ex- 
changer 4. The casing 6 has a diameter \^ch is typically 1.5 to 2 times larger than the 
diameter of the <g^lindric plate heat exchanger 4, which is necessary since the cylindric 
plate heat exchanger 4 is to be covered with the primary refrigerant liquid 10 while at 

20 the same time sufficient space is to remain for the liquid separator Amotion. As a natu- 
ral consequence of the diameter difference between the plate heat exchanger 4 and the 
surrounding casing 6, a relatively large volume is provided at the sides 8 of the heat 
exchanger, filled with primary refrigerant 10. This large volume is, however, also 
necessary in order to ensure that not too much mixing occurs between the refrigerant 

25 10, which is on its way down to the evaporator bottom 12, and the refrigerant 10, 
which is brought to evaporate between the plates of the plate heat exchanger. 

Fig. 2 shows a submerged evapomtor 14 with integrated plate heat exchanger 4 ac- 
cording to the mvention, where it is clearly seen that the heat exchanger 4 almost en- 
30 tirely fills the submerged part of the casing 6, and thxis does not require so large filling 
with primary refiigerant 10 as with the prior art. The cross-section shown here illus- 
trates that the heat exchanger 4 has a semi-cylindrical cross-section, but may of course 
be made with any conceivable kind of part cylindric cross-section or with another 



wo 03/060411 



9 



PCT/DK03/00030 



shape utilising the actual sh^e of the casmg 6 optimally. Typically, the plate heat ex- 
changer 4 may be provided with a cut-off or flat bottom 16 as depicted on Fig. 4. 

On Fig. 3 is seen the same unit as on Fig. 2, but here m a longitudinal section of the 
unit 14, i.e. in a side view. On this Figure is seen a suction manifold 18 disposed in- 
side the casing 6 in the diy part 20 constituted by the liquid separator. This manifold 
18 provides an optimised utilisation of the evaporated refrigerant 10 and thereby an 
increased efficiency. At the end of the casing 6 is seen the lead-m of the connecting 
connections 24 where the secondary refiigerant 26 is conducted mto and out of, re- 
spectively, the integrated plate heat exchanger 4. The direction of flow may be chosen 
freely depending on diverse conditions. 

The integrated plate heat exchanger 4 may^ as mentioned previously, be equipped with 
guide plates 28 between the sides of the heat exchanger 4 and of the casmg 6. An ex- 
ample of placmg guide plates 28 appears on Fig. 4. Moreover is seen that the casmg 6 
may be reinforced with one or more horizontal braces 30 festened between the end 
plates 22. An alternative solution for ensuring that refrigerant 10, which is on its way 
back to the bottom 12 of the casing 6, is not mixed with and carried on by evaporated 
refiigerant 10, is weldmg of individual plates 34 along the sides 8 of the plate heat 
exchanger; alternatively, the individual plates) may be designed so that they, in 
mounted condition, are lying closely together, whereby the same effect is attamed. 
With this solution is ensured a passage 32 between heat exchanger 4 and casing 6, 
where refrigerant 10 may flow freely towards the bottom 12 of the casing 6. At the 
bottom 12 of the plate heat exchanger there is, of course, free access between the 
plates 34 so the primary refiigerant 10 may flow in between the plates 34 and be 
brought to evaporate. 

The individual plates 34, ^ch the plate heat exchanger 4 is made up of, are normally 
embossed with a pattem called guide grooves 36, see Fig, 5, and having the purpose of 
ensuring a more optimal heat transfer as well as contributing to respective refligerants 
10 being conducted opthnally through the heat exchanger 4. At the upper edge 44 of 
the heat exchanger plates 34, these grooves 36 typically are dkected against the casing 
6 with an angle between 0° and 90^, and on Fig. 5 the angle is about 60° in relation to 
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level. It is apparent that this angle may vary, depending on the design of the rest of the 
system. Also, it is clear that the direction of the mouth of these guide grooves 36 does 
not necessarily have any connection to the way in which the grooves 36 are designed 
in the remaining area of the plates 34. As previously mentioned, this design is deter- 
mined fix)m heat transmission aspects. 

On Fig. 6 is seen a variant of a submerged evaporator 14 with integrated plate heat 
exchanger 4. In this variant, there is furtliermore mounted a condenser 38 which in 
principle is designed as a plate heat exchanger 4 submerged at the bottom 12 of tiie 
casing 6, but mounted m the "diy'' part 20 of the casing 6, and separated from the 
evaporator section by a plate. This plate may alternatively be constituted by welded 
plate cassettes in the condenser. The evaporator 14 shown on Fig. 6 is furflieimore 
equipped with a demister 40 mounted in the casing 6 under the outlet 42 for evapo- 
rated refrigerant 10. 

On Fig. 7 are seen three different possibilities for connecting 24 piping for the secon- 
dary refrigerant 26. Fig. 7.1 shows inlet 24.1 at the right side and outiet 24.2 at the left 
side of the plate heat exchanger 4, and Fig. 7.2 shows mlet 24.1 at the bottom 12 of the 
plate heat exchanger 4 and outlet 24.2 in the top 44 at the middle. Finally, Fig. 7.3 
shows inlet 24.1 at the bottom 12 as shown on Fig. 7.2^ but here there are two outiet 
connections 24.2 at the upper edge 44 comers of the heat exchanger 4. The shown 
connection possibilities are just examples and are not in any way to be viewed as lim- 
iting for the choice of coimection arrangement. The secondary refrigerant may be sin- 
gle phase but may e.g. also be a condensing gas. 

On Fig. 8 is shown a section through a part of a submerged evaporator surrounded by a 
casing 6. Inside the evaporator are shown heat exchanger plates 34 between which 
there is shown volumes containing flie primary refrigerant 10 and volumes containing 
the secondary refrigerant 26. Between flie casmg and the heat exchanger plates 34 
there are formed ducts 32 in which primary refrigerant is flowing. 



Heat transmission occurs from the secondary refrigerant 26 to the primary refrigerant 
10, whereby the primary refrigerant 10 is heated to a temperature above the boiling 
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point of llie medium. Therefore, boiling wifli development of steam bubbles in the 
primary refiigerant 10 occurs. These steam bubbles seek iq)wards in flie ducts formed 
between the plates 34 of the heat exchanger. Simultaneously, the rising bubbles result 
in an upward liquid flow, increasing the efSciaM^ of the ev^rator. At the same 
time, the upward flow results in a downward flow in flie ducts 32. where flie primary 
refrigerant 10 flows downwards, primarily on liquid form. Thereby is ensured an effi- 
cient flow around and through the ducts of die ev^iator. 



